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ABSTRA.CT 


The vibrations of orthotropic cantilever and 
free-free plate have been studied using Eayleigh-Ritz method. 

The convergence of Ra7leigh-Rtt2 method, and the 
effect of different plate parameters have been investigated. 

Calculations for frequency parameter has been 
carried out for five ratios of Young’s modulus each incor- 
porating five poisjTons ratios and ten aspect ratios. These 
have been tabulated and can be used for design purposes. 

These design tables contain first two modes of cantilever 
plate and first mode of free-free plate. 



NOMENCLATURE 


X, y = Cartesian co-ordinates in the plane of plate 
a = Plate dimension perpendicular to built in edge 

b = Plate dimension parallel to built in edge 

h = Plate thickness 

W = Plate deflection normal to X-Y plane 

e = Normal strain in x-direction 

E = Normal strain in y-direction 

y 

= Shear strain in x-y plane 

= Shear stress in x-y plane 

c = Normal stress in x-direction 

a = Normal stress in y-direction 

E = Young’s modulus in x-direction 

E = Young’s modulus in y-direction 

*/ 

L. = E./(1 - V ) 

1 ^ X y^ 

cJ = Circular frequency 

= Poisson's ratio in x-direction 

^ = Poision’s ratio in y-direction 

«/ 



CHAPTER 1 


INTRODUCTION 


1.1 Introduction; 

The advent of advanced fiber re-inforced composite 
materials such as boron-epoxy and graphite-epoxy with their 
high potential weight savings and frequent applications in 
several fields of technology — Aerospace industry; Civil, 
Mechanical and Ocean engineering, etc. have generated 
the need of sound understanding of the static and dynamic 
behaviour of anisotropic structures. A number of methods 
are available for predicting the dynamic response of the 
systems but. the knowledge of natural modes and natural 
frequencies of the system is required by most of them. 

An exact solution of the differential equation 
of a vibrating plate is known for the case of a rectangular 
plate which is simply supported along one pair of v-.pposite 
edges with any conditions at the other two edges. Por 
other combinations of edge conditions the solutions are 
more complicated, and it has been necessary to resort to 

various approximate methods — Rayleigh-Eitz being one of; 
them. 

While Rayleigh-Ritz method is well known, it 

has not been used as much as might be expected for plate 
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■vibration problems. There appears to be- little published 
data for the ribrations of rectangular ortho tropic plate. 

This is probably due, at least in part, to the great amount 
of computational labour which is required both to set up 
and to solve the necessary equations. The amount of 
computation involved depends to a large extent upon the set 
of functions that is used to represent the plate deflections. 
For these functions some investigators (1,2) have taken 
series of polynomials while others (3-r7) have used combina- 
tions of the characteristic functions which define the 
normal modes of vibration of a uniform beam. 

1.2 Historical Pre-view; 

In 1966 Laura and others (1) -used Galerkins 
method for calculating natural frequencies of rectangular 
plate clamped at all edges. First four frequencies were 
calculated for different b/a (a > b) and were put in a 
tabular form. 

In 1973 Maurizi and lau.ra (2) made use of simple 
polynomial approximation for the determination of natural 
frequencies of clamped orthotropic plate. Galerkins 
method was used to investigate the effect of the rotation 
of material elastic axis, with respect to natural co-, 
ordinate system. , 
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Young (3) used Ritz method for calculating 
frequencies of transTerse "vibration of an isotropic plate 
w?ith different boundary conditions. Beam functions were 
employed to represent the pl^ite deflection. 

In 1969, Ashton and Anderson ( 4 ) worked on the 
natural frequencies of the laminated boron-epoxy plate with 
fully fixed boundary conditions. 

Almost simultaneously Ashton ( 5 ) published his 
work on natural frequencies of free rectangular plate 
laminated of orthotropic plies. . His work mostly concen- 
trates on the stability problem. The solutions which 
illustrate the effect of plies and staking sequence, have 
also been presented. The results are not quite e.greeing 
with experimental values. 

In 1971? Mohan and Kingsbury ( 6 ) used Galerkin’ s 
method for pla,te with different boundary conditions. They 
used beam functions. Galerkins method, as they have used 
it, is good for obtaining mode shapes and natural frequencies 
of a plate with supported edges but can not be used for a 
plate with free edges, where the free edge zero bending 
moment and Krischoff’s shear force conditions are not 


satisfied . 
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Bassily and Dickson (7) brought out the difference 

between Galerkin's and Rayleigh-Eitz method clearly and 

developed a Generalised Galerkin's approach in which the 

residual boundary forces and moments have been accounted 

for. But, unfortunately, while carrying out the theoretical 

analysis they have consistently missed the co-efficients 

Ei 4 ru A 

and C 22 of ^b^^ respectively in their 

equations (3) and (5), hence rendering their numerical 
results useless. 

1 .3 Present Work: 

In the present work Eayleigh-Eitz method has 
been employed for analysing the vibrating cantilever and 
free plate, as closed form solutions are almost impossible. 
In the application- of Eayleigh-Eitz method a series in 
which each term is a product of normal beam functions has 
been used. Por a plate with clamped edges the appropriate- 
ness, of the normal functions of beam is apparent. Each term 
in the series satisfies boundary conditions of the plate 
and the determination of co-efficients by the minimization 
process brings about an approach to satisfaction of the 
differential equation. But, when the edges of the plate 
are free, as in our case, the normal functions of a beam 
with free, ends do not give terms in the series which each 
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satisfy the f ree-edge boundary conditions of the plate . 

The beam functions will have vanishing second and third 
order derivatives . The satisfaction of, the free-edge 
plate conditions requires non-zero values of corresponding 
derivatives. The plate boundary conditions thus remain 
to be satisfied by the series as a sum. The minimization 
process in relied on for this as bringing about an approach 
to the satisfaction of natural boundary conditions. 

A generalised computer programme has been worked 
out in which (a) number of materials (b) number of terms 
in the series of beam functions (c) aspect ratios with 
fixed step size (d) modal frequency numbers (e) symmetry, 
antisymmetry of the problem involved can be controlled by 
merely changing the appropriate data cards. 

With the help of this programme convergence of 
Rayleigh-Ritz method | effect of aspect ratio, poisions 
ratio and ratio of Young's modulus of the plate have been 
investigated. Rew design tables have also been presented. 
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CHAPTER 2 

THEORETICAL ANALYSIS 


2.1 Introduction; 

In this chapter equations for vibrations of ortho- 
tropic plate are developed and the method of solution is 
discussed. 


2.2 General Theory; 


The approximate theory for bonding cf a plate 
based on Krischoff 's hypothesis — reactilinear sections 
v/hich in the undeformed plate were normal to the middle 
surface remain rectilinear and normal to the bent middle 
surface (OR = y^^ = 0). And normal stress acting 

on planes parallel to mid surface are small compared to 
other stresses and can be neglected (OR = O) — leads to 
the following strain-displacement relations; 



z 




2.1a 



z 


4!)^w 



. . . . 2.1b 


Y _ ^ 6’V 

xy - dJ ^ 


:i2 

0 w 
bx dy 


2z 


. .2.1c 
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whxch are same as for an isotropic case. The deyiation from 
isotropicity shows up only in stress-strain relations which 


can be written as : 


E 


O' = 
X 


'' " ^x ^y ^ 


• • • 2 • 2€i 


E 


y / 

— ^ ^ ^ £ 4- y e 

T - V„ .y X X'' 


X 'y 


7 X X' 


• • . . 2 , 2b 


xy 


V E e' 




Y. 


2(1 + Vvpr) ^ 


* • • 2 ♦ 2c 


Potential energy V for a plate is given by 


^ ~ 2 iff °^Tr®Tr + Y ) dT 

^ Jj) ^ X 7 7 xy'xy^ 


. . .2.3 


making use of equations (2.1) and (2.2) the above equation 
reduces to 


V 


= i Jff [ 




E z 


+ 


■ b^- 


Z ... 0^Wv 


( 1 - V 11 ) 2 ^x -x 2 ^ t 2 

^x •y^ Oy ^ dx'^ dy^ 


) 


2 V E E o 2 2 

] dx 


1 + ryp^ 


• • ♦ 2 » 4- 
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Integrating this with respect to z from -h/2 to h/2 we get 


V = + 


24 


If rD(^)^+2DV ^hl.+ D 


2... ^2. 


yV 




2 2 


2.5 


The^-kinetic energy T of the system is given by 


T = 


il 

A 


/ ii(^) dxdy 


, 2.6 


Using the fact that natural modes execute harmonic motion 
we can write 


U = T + V = V- 


''' 


i ,,r2 


2 — jj W dxdy . . .2.7 


where 


w = ?r(x,y) e 


itOt 


. 2.8 


The function W(x,y) will be interpolated as beam 
functions or 


W(x,y) _ 


m n 




where and are beam functions in x and y directions 
respectively. 
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When W(x,y) as given by equation (2.9) is substi- 
tuted in equation (2.7), the right hand side becomes function 
of the co-efficients A^. This is minimized by taking the 
partial derivative with respect to each coefficient and 
equating to zero. Thus we arrive at a set of equations each 
of which has the form 


oJ^/h 0 I 




aA, 


ik 




W dxdy = 0 


. . 2.10 


where A^ is any one of the coefficients A . Equation 

xnjQ. 

(2.10) represents a system of linear homogeneous equations 


in the unknowns A^. The natural frequencies u)2> •• 
are determined from the condition that the determinant of 
the system must vanish. 


2.3 Characteristic Functions for Vibrating Beam: 

The different types of beams will be identified 
by a compound objective which describes the end conditions. 

Thus a ''clamped-clamped''beam is one which is rigidly clamped 
at both ends; a "clamped -free" beam is clamped at the end 
X = 0 and free at the end x = 1; a "free-free" beam is free 
at both ends . 

For each type of beam there is an infinite 
number of normal modes in which the beam can vibrate laterally. 
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The method of determining the set of characteristic func- 
tions which define the normal modes for any type of beam 
is given in standard references such as (8) and (9). The 
characteristic functions for the two types of beams used in 
present work are as follows. 

Clamped-Pree Beam 

E-p X S-p ^ ex e X 

= Cosh — — - Cos - a^(Sinh - Sin ~ — ) 

r = 1 , 2, 3, ... 2.11 

g re e-Free Beam 

X^ = 1 ..... 2.12a 

Xg = ^ 3 (^ - 2x/l) ..... 2.12b 

X e x e^ X ex 

X^ = Cosh — + Cos — - a^(Sinh — + Sin — ) 

(x = 3, 4, 5, . . . . ) ... 2.12c 

Each expression defines an infinite set of functions. The 
numerical values of and for eaeh set of functions 
are given in appendix. 

Tables of values of these functions is given 
in (10) to five decimal places and at intervals of the 
argument x/l = 0.02. 



1 1 


Equation (2.12c) is the usual expression for the 
characteristic functions of a free-free beam, when r = 3 
we have the first mode of free vibration. The functions x^ 
and Xg represent a rigid body translation and rotation and 
are included in order to obtain a complete orthogonal set. 

The boundary conditions satisfied by the 
functions in each set are the same as the end conditions of 
the corresponding beam. That is, for the clamped-free 
functions = 0 at x = 0 and d X^/'^.x'^ = d'^X ^dx^ = 0 

at X = 1; for the free-free functions 

d^X d\ 

^ ^ = 0 at X = 0 and x =1 

dx^ dx'^ 


Each. of the characteristic functions except those 

of equations (2.12a) and (2,12b) satisfies the differential 
4/4 4//4\ 

equation d XV dx = (X^l ) . Each set of the functions 
is orthogonal in the interval 0 to 1, that is, for any two 
functions X^ and X^ in the same set, the following eq tat ions 
hold 


1 

1 


f 

X^ X^ dx = 

J ^ s 

o 


6 

rs 


where 


= 1 for r = s 

X o 

= 0 for r 7 ^ s 


2.13 
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The second derivatives of the function in each set are also 
orthogonal and satisfy the relations 


f d% d^X 
J dx^ dx^ 


dx 


(for 


s) 


= 0 


(for r / s ) 


. 2.14 


With the exception of X^ and X2 for the free-free functions, 
equations ( 2 . 12 a) and ( 2 . 12 b), for which 


1 2 1 
d-^^X. 2 r 

( 2^ = J ( 

o dx^ o 


I 


d^X, 


dx‘= 


■) dx = 0 


.2.15 


In addition to the integrals defined by equations 
(2.13) and (2.14), it is necessary to evaluate 


J 


d^X, 


dx^ 


dx 


and 


J 


r dX^ dX 
r s 


dx dx 


dx 


Wnen using these functions in Raleigh— Ritz method . Values 
of these integrals have been tabulated in appendix. 


Using Equations ( 2 . 9 ) and (2.5)5 and taking into 
account the orthogonality relations, eq-qations (2.13) and 
(2.14), the set of equations ( 2 . 10 ) can be reduced to the 


form 
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Y' V , (il^) 

/ / r Q 

m n 


6 ] A 

mn mn 


= 0 


. . . 2.16 


where 


( ik) 


D 


mn 


= V (E . F, + E. E , ) + 2l/^ (1 
y ^ mi kn im 


X 


- V \t)H. K 
X '^y^ im kn 


9 9 

+ h 1 ) 6 

g2 'k^ mn 


X2 = 


12 


fu 2 


2 , 2 


a^b 


h^ D 


X 




a/b = Aspect ratio 




= a 


i t 


d 0^M d 0^(x) 

dx dx 


Kim = 


f V^- 


J 

o 


dy dy 


] dy 


E 


im 


a 

f ' 

a i [j2^i(x) 

W 

O 


dx ^ 


l-dx 


F , 


kn 


r , S 

" J t 't'k(y) 
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and and are the eigenvalues associated with the heam 
modes 0^{e^x/a.) and \p -^(r]-^j/'b) respectively. (Numerical 
values for the quantaties ej_, X]^, E^, are 

tabulated by Yoimg (3) in his paper on isotropic plates and 
have been reproduced in Appendix II). 

2.4 Method for Solution; 

There will be one equation for each m.n combination 
of ik. The characteristic values for X nre found from the 
condition that determinant of this system of equations must 
vanish. If there are more than three or four equations in 
the system, the mathematical labour of expanding the deter-. 
minant and solving for the roots of the polynomial in A 
is prohibitive. In such cases it is expedient to solve 
for A by one of the knovm iterative procedures. One of 
the advantages of using beam functions is that the diagonal 
terns in the determinant are large compared to the others 
and as a result the characteristic values and modes can be 
found by simple iteration procedure. 

For a cantilever plate using 24 term series with 
m = 1 , 2 , 3 , 4 and n = 1 , 2 , 3 > 4 , 5 , 65 equation (2.16) 
gives us 24 equation which can be split up in two groups 
of 12 equations each. One of these groups include only 
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n = 1, 3, 5 and represent deflections which are synunetrical 
about the line y = b/2. The other group includes only n = 

2, 4, 6 and represents deflections which are antisymmetric 
with respect to the line y = b/2. 

Por free-free plate the system of equation can 
be divided into four groups by combination of m and n as 
odd or even. 

Trial vector for is chosen and the iterations 
are carried out till we get convergence to the proper limit. 
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CHAPTER 3 

PBESEHTATIOH OP RESULTS 

3.1 General; 

All the results obtained by the present analysis 
have been tabulated and some of them have been plotted. 

The results have been compared with the available ones 
wherever it was possible and the interpretation of the 
results has been carried out. 

3.2 Comparison of Results; 

In the present work calculations were carried 
out for five different materials out of which one falls in 
the category of isotropic materials. The properties of 
different materials which. were selected for the present 
work are given in Table 3.2.1. 
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Table 3.2.2 compares the values for frequency 
parameter obtained by Young (3) for square cantilever 
isotropic plate with the values obtained by present analysis. 


t f t f ! 

^ r mode!2^‘^ ffiode!3^^ mode54^^ iaode|5^^ mode 

VB/fta^ 1 ! I 1 1 

I I I I t 


Young 

' 

3.494 ^ 

1 

■ 8.547 



i 

i 21.44 

J ^ 

27.46 

31.17 

Present 

values 

f 

3.4937 ; 

8.5441 

21.44 

' 27.4562 : 

: 31.17 


TABLE 3.2.2 


The values were obtained by taking 18 terms in 
equation (2.16). As can be seen from the table the values 
obtained by present analysis are in excellent agreement 
with the values obtained by Young (3). 

Barton (11) calcula.ted the values of frequency 

parameter A (= of an isotropic plate with 

VD/f ha^ 

different aspect ratios (= ^ ; a > b). These values are 
tabulated in Table 3.2.3. Comparing these values with 
the values obtained by present analysis, given in Table 
3.2.4 after changing X to X, we find that the values 
are same except in second mode in which present values 
are slightly lower. 
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Obtained by Barton for Isotropic Cantilever Plate 


a/b 


Mode lumbers 


4 


0.5 



3.508 

5.372 

21.96 

10.26 

24.85 

1 .0 

3.494 

8.547 

21 .44 

27.46 

31.17 

, 2.0 

3.472 ; 

14.93 

21 .61 

94.49- 

48.71 

5.0 

3.45 

34.73 

21 .52 

563.9 

105.9 


TABLE 3.2.3 


A Obtained by Present Analysis for Isotropic Cantilever Plate 


Q./t) 

! : 

Mode Nimbers 

^ ^ ^ 

^ 1 

2 

1 _ 1 

3 

. 

4 

5 

0..5 

3 . 508 

' 

5.372 

21.96 

10.26 

24.85 : 

1.0 

3.494 

‘ 8.544 ^ 

21.44 

27.46 

31 .17 

2.0 

3.472 

14.92 

21 .61 

; 94.48 

48.71 

5.0 

■ 1 

3.45 

34.71 ' 

4 

■ 21.52 

I 

563.9 

105.9 : 


TABLE 3.2.4 
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Table 3.2.5 compares the results given by Easily 
and Dickson (7) and Mohan and Kingsbury (6). Present values 
are higher than the values given by both of them. It is 
because Mohan and Kingsbury used Galerkins method without 
modifying it for the free edges whereas Basely and Dickson 
used Ritz method but their frequency equation is wrong as 
has been pointed out earlier. 

Xfor Cantilever Orthotropic Plate 
Ey/E^ = 0.06875 and = 0.24 

I n r~ f : 


[Easily & Dickson {Mohan & Kingsbury {Present Analjrsis 
{ (Ritz) { { (Rale igh -Ritz ) 

; t ! 


r 

s 

i 4x4 

{ 4x5 

f 

' /s' 

G-alerkin (4x4) 

f J 

5x6 

0 

0 

3.514 

■ 3.515 

3.516 

3.5157 

0 

1 

4.191 

4.191 

3.516 

5.9016 

0 

2 

8.205 

8.181 

6.5 

11.3686 

0 

3 

17.76 

17.75 

16.4 

21.0445 

1 

0 

22.03 

22.03 

22.03 

22.03 

1 

2 

26.14 

25.96 

23.1 ^ 

34.5139 

1 

1 

22.87 

22.87 ■ 

22.03 

25.4860 

0 

4 

- 

32.98 

-■ 

34 . 3149 . 

1 

3 

[ 

33.34 

33.33 

28.6 

47.0021 


TABLE 3.2.5 
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3.3 Summary and Conclusions; 

All the results have been tabulated and are 
presented. !igures have been drawn to bring out the 
dependence of frequency parameter on different plate para- 
meters. 

3 . 3.1 Convergence of Rayleigh-Ritz Method 

Calculations were carried out with 18 (T. Hos. 

1.00, 1.10, 1.20 and 1.30), 24 (T. Nos. 1.01, 1.11, 1.21 
and 1 . 31 ), 30 (T . Nos . 1,02, 1.12, 1.22 and 1.32) number of 
terms in the interpolating function. The convergence of 
Rayleigh-Ritz method with respect to number of terms in the 
interpolating function is very good as can be observed by 
comparing the above said tables. 

Convergence of Rayleigh-Ritz method is fairly 
good except for certain frequencies which did not converge 
even after iterating them for half an hour on 7044 computer. 
The frequencies which did not converge were; 


T , No . 

{ Mode 

f 

1 

Aspect ratio 

2.00 

(1,1) 

0.60 

2.20 : 

(1.0) 

0.90 

2.30 

(1,1) 

0,30 ' 


TABIiE 3.3.1 






■■t ^r ‘>'-^ -.• 'l^ .:Xi0Mf4i "si 


CANTILEVER PLATE 


® Mode (0,0) 
o Mode (0,1 ) 






■:m 


















CANTILEVER PLATE MODE 10,2) 






Free 
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It seems that alt er few iterations either the 
convergence rate becomes jo or or the iterations itself 
start oscillating. 

3.3*2 Effect of Asioect Rat io on F re ciuency Parameters 

Frequency parameter A decreases for modes (0,0), 
(0,1), (1,0) and (1,1) for iacrreas iii^ aspect ratio (Figs. 

1 and 2). The rate of decrease fo r the first two modes is 
lower than the other two. *TbLe deeore^se in the frequency 
parameter should be expected as tine .aspect ratio increases 
because the effective stiffmessof tlie plate decreases. 

For mode (0,2) it s hcais s minimum and hence 
increases after some point as aspect ratio increases 
(Fig. 3). This increase is not in amy case contradicting 
to the statement given earlier tecsiiise decrease in fre- 
quency does not necessarily iaea.n a decrease in frequency 
parameter. Frequency paremetei^ fs i-tself a function of 
aspect ratio and hence an increase im aspect ratio and 
decrease in frequency can result insn increase in the 
frequency parameter. If we cha_nge ttie frequency parameter 
from = 12f^^a^b^/h^D to then 

the frequency parameter shows a d ecreasing trend as is 
shown in Table 3.3.2. 






1 
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Aspect ratio 

1 t 

1.00 1 2.00 ! 5.00 

10.00 

A 

10.5042 

6.4844 

5.2397 

5.0618 


TABLE 3.3.2 


Here increase in aspect ratio and decrease in 
frequency parameter can be interpreted as increase in 
dimension a i.e. length of cantilever side, decreases 
frequency which is expected . 

3.3.3 Effect of B /E on frequency parameter 

1 ± 

Referring to Rigs. 4 and 5 it can be seen that 
increase in RIZ (= E^E^) brings about an increase in 
frequency parameter, as should be expected, for antisymmetric 
modes. For symmetric modes the frequency parameter does 
not show significant dependence on RYZ as can be seen from 
Tables 4.00 and 4.20. 

3.3.4 Effect of PoisSons Ratio on frequency -parameter 

For symmetrical modes frequency parameter is 
practically independent of pois^ons ratio, as can be 
observed from Tables 3.00 and 3.20. The maximum change 
being 0.2'^. 
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For antisymmetric modes the frequency parameter 
changes merely by 4% (maximum). See Tables 3.10 and 
3.30. 

3*3.5 Discussion on Free Plate 

Frequency parameter A has been calculated for 
first five modes of the material with E = 0.06875 and 
Poissions ratio =0.24 (Table 5.0). 

First three modes have zero frequencies and 
these represent rigid body translation and rigid body 
rotation about x * a/2 and y = b/2 line. 

Mode (1,1) shows a minimum whereas mode (2,2) 
increases steadily which is not -unexpected because if A 
is changed to A, both these modes show a decreasing trend. 

Referring to design tables for free plate one 
can observe that effect of RYX is pronounced. As RIX 
increases A also increases and the effect of poisions 
ratio on A also becomes significant. 

,4 Scope for Further Research; 

Following areas can be explored further. 

. Use of Generalized Galerkins approach to solve such 
problems wo-uld give more insight even though it may 
involve great amo-unt of computational labour. 
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2. Conrergence rate of Raleigh-Ritz method may be 
studied to investigate the conveigence of such 
frequency parameters as given in Table 3.3. 1. 

3. Effect of non-linear vibrations on the frequency 
parameter can be studied. 

4. Vibrations of orthotropic plates with other boundary 
conditions can be studied. 
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10.00 

# 

# 

4.2094 

*^.195 9 

4.1687 

4.1138 

4.0591 

t".>IESW»K»» 

•s ITf* a. 

*w. Wf r. 6-' E“> 

f ' a fir:- «t’i Si«» »»»»»«»■•» 

M ■ <ES. Wfiiia W ms Si#- 1 

M 11!^ *fif s* t 

' wm K » sFPrfp 


* 

# 

# 

# 

«■ 


# 

«• 

# 

# 

# 

* 

# 

# 

# 

* 

# 

# 

# 

# 


* 
♦ 
♦ 
# 
# 
* 
* 
# 
■ * 


TABLE NQ.= '3.10 


RYX- 0.0? 


HOCECl ,0) 


EFFECT OF, PCISIONS RATIO CN FREQUEKCY PARAMETER. 


iSPECT 




RYX 



I^TIO 

t 

- 1 

C.05 

0.25 

0.50 

0.75 

l.CO 

i.oe 

ts 

t 

22.0345 

22.0345 

22.0341 

22.0327 

22.0303 

1.5C 

12.8075 

12.7832 

12.7718 

1 2*6895=*^^=*' 

?.C!C 

t 

11.0172 

11.0168 

11.0155 

11.CG99 

11.0005 

2.5C 

t 

t, 

t 

8.8138 

8-8135 

8.8127 

8.8091 

8. 8032 

3.0C 

7.3448 

7.3446 

7.3439 

7.3410 

7.3361 

3.5C 

t 

6.2955 

6.2954 

6.2947 

6.2922 

6.2879 

4.0C 

t 

5.5086 

5.5085 

5.5079 

5.5056 

5.5C17 

4.5C 

¥ 

t 

4.8965 

4.8964 

4.8959 

4.8937 

4.8902 

5.0C 

¥ 

t 

t 

t 

4*4069 

4.4068 

4.4063 

4.4043 

4.4010 

5.50 

4.0062 

4.0061 

4.0057 

4.0039 

4.0008 

J #.00 

¥ 

t 

3.6724 

3.6723 

3.6719 

3.6701 

3.6673 

6. 5G 

t , 

3.3899 

3.3898 

3.3894 

3.3878 

3.3851 

7.CC 

¥ 

t 

3.1478 

3.1477 

3.1473 

3.1458 

3.1432 

7.5C 

¥ 

t 

s>. 

2.9374 

2.9373 

2.9369 

2.9360 

2.9336 

8.0C 

¥ 

«Xi 

2.7543 

2.7542 

2.7539 

2.7525 

2.7502 

8.5C 


2.5923 

2.5922 

2-5919 

2.5906 

2.5884 

9.0C 

t 

2.4483 

2 . 448 2 

2.4479 

2.4466 

2.4446 

9.5e 

t 

t 

2.3194 

2.3193 

2.3190 

2.3379 

2.3159 

ic.ac 

' 

■ t ' 

2.2034 

2.2034 

2.2031 

2.2019 

2.2003 


I 

i 

i 

i 

i 

I 

I 

I 

i 


i 

i 

♦ 

♦ 

^ 

tv 

t: 

t 


TABLE NO.- 3.20 





R Y. . = 


0.06e7:5 


mode {l,u 


EFFECT OF PCISIONS RATIO ON FREQUENCY PARAMETER 


c is»»a «■ ' r 

SPECT 

# 

■# 

# 

r*» » «.“• «#*«)» 5g3pij»awiii,» w •, ■aps.spi »» 3 oti,c» i 

POIS IONS RATIO 

ATIO 

# 

0.02,5 

0.05 

0.10 

0.20 

r..:i!feSiWi P;;f O' #*-J 

cr «r» ifu m IT* r-a •..j, «,a » »■ *a» *«» *» rtp «» ,»» 

I!I3|I «- :« PT' tt9 m IS, M » SBi j» Sta. Mr ; 

1.00 

■w 

* 

25.6270 

25.6125 

25.5785 

25.5186 

l.&o 

w 

♦ 

AjL 

1,9.6998 

19.6771 

19.6309 

19.5356 

2.00 

# 

M, 

17.1463 

17.1206 

17.0687 

16.9624 

2.0G 

w 

# 

15.7972 

15.7692 

15.7126 

15.5973 

3. 00 

# 

* 

14.9807 

14.9509 

14.8909 

14.7685 

3.50 

# 

* 

14.4251 

14.3940 

14.3313 

14.2037 

4.0Q 

# 

♦ 

14.0348 

14.0025 

13.9375 

13- 8052 

4.50 

# 

13.7446 

13-7114 

13.6443 

13.5081 

5.00 

# 

13.5223 

13.4881 

13-4193 

13.2798 

5.50 

# 

« 

13.3478 

13.3129 

13.2426 

13-1001 


W . 

# 

13.2085 

13-1729 

13.1014 

12.9563 

6.50 

w 

* 

13.0954 

13.0593 

12-9866 

12.8359 

T.uC 

# 

# 

13.0026 

12.9660 

12.8923 

12.7432 

7.50 

* 

* 

12.9253 

12.8B83 

12.8183 

12.6631 

8. 00 

12.8605 

12.8231 

12.7479 

12.5957 

8.50 

♦ 

*■ 

12.8056 

12.7679 

12.6921 

12. 5386 

9.00 

# 

12.7587 

12.7207 

12.6443 

12.4898 

9.5C 

# 

# 

3. 2.7183 

12.6801 

1 2 .6032 

12.4477 

10.00 

# 

#■ 

12.6834 

12.6449 

12.5676 

12.4113 

w 

iFjy w^t» 

B» W» E,’- !»»»..:«!: a «. . PT,' 

ra «a ir fsk Wi i» ««» » »» 

m m> » i» sc-? ms » ». 

m toi mt 


m ie--: m» .tia» rmiasmt » 


* 

* 

0*30 ♦ 

# 

li- 
as, 4609 # 

» 

19,4361 # 
# 

16.8528 

# 

15,4788 # 

# 

14,6365 * 

* 

14,0731 ^ 
# 

13.6701 * 

. # 

13,3692 ^ 
* 

i3,14B9 ^ 

# 

12,9550 * 
# 

12,8087 * 

# 

12.6896 # 
# 

12.5915 # 
12,5098 

# . 

12.4411 

12,3827 

# 

12.3328 # 
* 

12,2898 *, 
# 

12,2525 »: 

* 


TABLE N0,= '3,30 



POl SIGNS RATIO= 0.25 MODECO,OJ 

EFFECT OF RYX ON FREQUENCY PARAMETER. 



aspect » 


RATIO « 


3.5009 * 


1.1518 1.1477 


1.75TT 


1.4005 


2.50 * 1.4061 


i.0023 0.9994 


0.8142 0*8715 0.8686 * 

■ # 

Q.. 1169 . ^0.1144 0.7118 * 

, n 

0.6991 0.6961 0.6944* 


0.4991 0.4914 


0.5020 


0.4658 0.4642 


0.4614 


0.4080 ♦ 


0.4109 0.4095 


0-3904 


0.3480 



TABLE N0.= 4.00 




5.49T# 




pri SICKS RATIO= 0.?S M0DEM»0) 

EFFECT OF RVX ON FREQUENCY PARAMETER. 


j * 

aspect * 



RYX 


. ^ 

. , ^ 

( RATIO * 

t * 

0.05 

0.25 

0.50 

0.75 

l.OG - 

* 

» ❖ 

♦ l.OC A 

22#031J*8 

22.0473 

21.7218 

21.6005 

* 

21.6327 A 

X. 

♦ J,.5G * 

14.691? 

14.6355 

14.5965 

14. ■‘^516 

l.+ ,5Q42 «= 

* 

^ * 
t 2.00 * 

11.0057 

10.9837 

10.9483 

10.9108 

10.8718 =5= 

❖ 

r * 

2.5C * 

8.8083 

8.7863 

8.7560 

8.7241 

8.6912, - 
* 

t * 

3.0C * 

7.3405 

7.3210 

7.2943 

7.2668 

7.2383 * 

X 

« 

3. 50 * 

6#2 918 

6.2743 

6.2503 

6.2263 

6.2012 * 

* 

* 

4.0Q * 

5.5052 

5-4894 

5.4683 

5 *'^^63 

5.4239 * 

* 

4.50 *. 

4.8934 

4.8790 

4.8598 

4.8400 

4.8197 =5^ 

jr * 

i 5.00 * 

4.4040 

4-3907 

4.3732 

4.3551 

4.3367 * 

=!= 

1: * 

> 5.50 * 

4.0036 

3.9913 

3.9751 

3.9585 

3.9416 * 

,1 * 

> * 

3.6699 

3.6585 

3.6435 

6.6281 

3.6125 * 

* 

t . 6 • b U ^ 

3.B875 

3.3769 

3.3629 

3.3486 

3.3342 * 

^ ❖ 

7 ^ Q 0 

•3.1455 

3.1355 

3.1225 

3.1091 

3.0956 * 

❖ 

Ji£ 

^ '7.5'a - 

1.9158 

2.9264 

2.9141 

2.9016 

2.8890 * 

X 

❖ 8*0C " 

2.7523 

2.7434 

2.73ia 

2.7201 

2.7082 * 
* 

if # 

* 8.5C 

2.5904 

2.5819 

2.5710 

2.5599 

2.5487 * 

* * 
t <9,0C * 

2.4464 

2.4384 

2-4281 

2.4176 

2. 4069 * 

<! ❖ 

* 9.50 * 

2.3177 

2. 3100 

2.3002 

2.2902 

2.2801 * 

* 10 . oc* 

* * 

2.2018 

2.1945 

2.1851 

2.1756 

2.1660 * 
♦ 


TABLE NO. = 4.20 


POI SIGNS RATIO= 0.25 HODE(lfl> 

f-pcgCT OF RYX ON FREQUENCY PARAMETER. 



ASPECT * 

lATIO * 0-05 

■ # 

# 

I' i.QO * 25-0205 

# 

1.50 * 18.8785 

* 

( 2.00 * 16.2122 

* ' ' ■ ■ 

2.50 * 14.7928 

* 

I 3.00 * 1».9292 

# 

3.50 *' 

4. 00' I 


RYX 

0.50 


0.75 


l.GO 


27.9045 


22.6490 


20.3981 


19.1838 


18.4092 


29.7041 30.8570 39.6121 

24.7732 25.0949 27.0325 

22.6467 24.0190 24.9574 

21.4526 22.8338 23.7998 

20.7101 22.1012 23.0730 

20.2261 21.6386 22. 5859 

19.8529 21.2951 22.2847 

| i ^9.5^25 21.0515 22.0310 

, ; j 0.8707 21.8523 

21.7155 


6.00 * 12-0681 
* 

6.50 » 11.9463 

* 

7.00 * 11-8458 

7.50 * 11 . 761.8 

" # 

.00 * 11.6910 

8.50 * 11.6308 

# 

9.00 ♦ 11.5792 

* 

9.50 * 11*5347 

* 

* lO-OO * 11.4960 

* ♦ 


16.7820 

16.6857 

16.6872 

16.5429 

16 * 489 6 

16.4450 

16-4073 

16.3752' 

: 16. 347 7 


'"1 A - 6339 

1 9.ofl9 ■ ■ .S52i 

18.9552 20-4741 21-4866 

18.8922 20.4189 21.4332 

18.9160 20-3732 21.3892 

18.8758 20.3352 21.3525 

18.8419 20-3031 21.3216 

18.8130 20.2759 21.2953 

18,7883 20.2525 21*2728 


# 

#■ ' 

# 

# 

# 

# 

* ,, 

# 

# 

# 

# 

# 

# 

« 

# 

# 

# 

# 

* 

# 
# 
* 
♦ ■ 
« 
# 
« 
# 

« 


TABLE NO. = 4.30 



PCISIONS RiMIC= 0 


CF TFRf^S IN SFRlES=iS 
PR. QlJS'NCY PiSRAMETi-R FCR FREE PLATE 


PCDES 


7.6518 G 


O.OOCO -0.0000 -o.cooo 


O.OCOO -0.0000 -c.coco 


C.GCCO 7.6730 


c -CI.OCOO -0.0000 


O.cooo- 7.6910 2 


0 =(* -C.OOOO : -0.0000 


2 , 928 ? 


O.OOCO - 7.7109 


0.50 * -C.OOOO -U.OOOO 


0.0000 7.7322 


0.0000 - 0.0000 


C.7C * „ -0.0000 -0.0000 


t).do6'0 7.7750 




0.0000 7.81 


O.COOO 


0,0000 - 0 . 


■0.0000 ^-^n-OOOO 


0.000C5 


0.0000 


Q.CCCO : 7. 7, 3 99 5 


c.cccn -U.OOOO 


C.CCCO 7.7065 ^6.9 


J.COOO -o.cooo 


C.OOOO 


8.6636 * 


C.OOOO 


G.OCOC) -0.0000 



design tables FCR MODE(0,0) cf cantilever plate 
OF ASPECT RATIC= 1.0 




RYX 


♦ 
* 
* 
♦ 
* 

Q.05 * 

I * 

0.25 * 

0.5C ♦ 
* 

C.75 ♦ 

l.OC * 
♦ 


0.025 

3.5160 
3.5160 
3. 
3.5159 
3.5159 


POISICNS RATIO 
0.05 O.IO 0-20 


0-3C 


* 

* 

♦ 

♦ 

* 


3.5160 
.5159 
3.5158 
3.5156 
3.5154 


3.5160 

3.5157 

3.5151 

3.5145 

3.5138 


3-5159 

3.5146 

3.5125 

3.5096 

3.5066 


3.5159 

3.5127 

3.5074 

3.5010 

3-4937 


* 

♦ 

* 

* 

♦ 

* 

* 

* 


PLATE 


* 

5«t— 

* 

* 


0.025 

1.7580 

1.7580 

1.7579 


0.05 


1.7579 

1.7576 

1.7571 


0.20 

1 • 

1.7564 
1.7541 
7516 
7488 





DESIGN TABLES fCR M0DE!0,0J CF CANTILEVER PLATE 
OF ASPECT RATIC= 3,0 



RVX 


POISICNS RATIO 
0.05 0.10 0.20 


- 

. ^ 

0.05 * 

0.25 * 

* 

0.50 * 

♦ 

0 . 75 * 

* 

1. CO * 

♦ 


1.1720 

1.1720 

1.1719 

1*1719 

1.1719 


1.1720 

1.1719 

1.1718 

1.1717 

1.1715 


1.1719 

1.1716 

1.1711 

1.1706 

1.1701 


1.1718 

1.1705 

1.1685 

1.1664 

1.1642 


PYX 


POISIGNS RATIO 
0.05 O.IO 0.20 


* 

05 * 
* 

25 * 
* 

* 

: 4 

* 


0.8790 

0.8790 

0.8790 

,0.8789 

0.8789 


0.8790 

0.8789 

0.8788 

0.8787 

0.8786 


0.8789 

0.8787 

0.8783 

0.8778 

0.8774 


0.8788 

0.8776 

0.8760 

0.8742 

0.8724 


* 

0.30 


1.1715 

* 

1.1685 « 

1.1639 =*= 
♦ 

1.1589 * 
* 

1.1536 * 
* 


PLATE 


♦ 

♦ 

* 

0.3C * 

* 

♦ 

0.8785 * 
* 

0.8759 * 
* 

0.8721 * 
* 

0.8679 ♦ 
* 

0.8636 * 


# # # ^ # 





MODEiOtOJ 

5.0 


POISICNS RATIO 


ign tables fcr 
aspect ratic= 


CF LANTlLfcVfcK KLfiic 


0.7032 


C.7C32 


0.7C32 


0.7031 


0.7031 


GN TABLES FOR HODEIO.OI OF CANTILEVER PLATE 

SPECT ratio* 


POISICNS RATIO 
0.05 0,10 0.20 


* 

* 

0.3C * 

— « 


3.7028 * 
* 

3.7004 * 

jjs 

0.8S72 * 

0.6937 * 
* 

0.6902 <= 


0.7032 

0.7031 

0.7030 

0.7030 

0.7029 


0.7032 

0.7029 

0.7026 

0.7022 

0.7018 


0.7030 

0.7020 

0.7006 

0.6991 

0.6976 










■r.n.ec cro wnncm Oi CF CANTILEVER PLATE 
design tables FCR MODEtOfU} i-r 

0F'’ASPeCT RATIC= 7.0 


POISIGNS 


0.5013 


0.5C03 


0.4992 


0.4980 0.4924 


0.5020 


DESIGN, tables for MODE (0,01 CE CANTILEVER PLATE 

OF ASPECT RATIC® 8.0 :V 


POISICAS 8*^^® 

«•' O.M ; .:•< 




4.6405 


7.2508 7.0154 


7.8506 


8.0833 


8.3107 7.9000 


8.6029 8.5068 






CANTILEVER PLATE 








6.8014 


t.082? 6 


7.6710 


7.0085 * 


7.8986 


design tables for M0DE(0,1) cf cantilever plate 
OF ASPECT rati C= 3.0 


PO IS IONS RATIO 


0.30 


0.20 


0.10 


0-05 






4.3000 4.2903 4.2707 4.2313 4.1913 * 
A-n797 6.0459 5.9776 5.8381 5.6997 * 


0*05 ^ 

^ ■■ 

0.25 * 6.0797 


0.50 » 7.1108 7.0535 6.9279 6.6910 6.4320 ^ 

6.75 4 7.7965 7.7167 7.5544 7.2121 6.8574 


8.3259 8.2272 8.0226 7.5925 7.1403 - 







3.9560 


3.9872 


5.9708 


6.6946 6.4425 


7-4968 


OE'^IGN TABLES FOR MODE (Of 1) OF CANTILEVER PLATE 
OF “aspect RATIC= 5.0 


0#O5 ^ 4*0430 

# ■ 

0,25 ^ 5*8675 

0*50 ^ 6*9133 

39? . 

0*75 * 7*6145 

1.00 * 8.15<?8 

aSs , 


3,10aF CM»T1LEV6R PLATE 


* 

* 

❖ 

0.30 * 

* 

— # 

❖ 

3.9284 * 
* 

5.4668 * 

6.2203 * 
* 

6.6543* 

* 

6.9429 * 
* 


POISIONS RATIO 
0.05 O.IO 0*20 


4.0327 

5.8323 

6.8533 

7.5303 

8.0487 


4.01.16 

5.7644 

6.7344 

7.3660 

7.8424 


3.9661 

5.6160 

6.4839 

7.0206 

7.4057 






DESIG'i TABLES FOR M0DE(0»lJ OF CANTILEVER PLATE 
OF ASPECT RATIO® 9.0 


1 38c 

^ RYX ^ 

3JC' 

:8c 

! ■ ,58c 

0.025 

POISIONS RATIO 

0.05 0.10 

0.20 

:5c 

58c 

0*30 ^ 

- — — 






■ ❖ 

! * 
0.05 * 

3.9090 

3.8984 

3.8772 

3.8343 

3.792^ * 
* 

* 

■ 0.25 ’S' 

5.7723 

5.7358 

5.6632 

5.5155 

5.3626 

* 

* 

i 0.50 * 

6.830'^ 

^ 6. 7694 

6.6459 

6.3916 

6.1266 * 
* 

* 

1 0.75 * 

7.5361 

7.4532 

7.2844 

6.9345 

6.5657 * 
* 

j(e 

: 1.00 * 

8.0793 

7.9750 

7.7651 

7.3255 

6.8757 * 
♦ 


* 



) OF CANTILEVER PLATE 


35 

25 * 

■ 

SO ^ 

58c 

''m 

:38c 


0.30 


3.8968 

3.8862 

3.8660 

3.8219 

5.7632 

5.727 2 

5.6544 

5.5062 

6.8230 

6.7620 

6.6383 

6.3836 

7.5294 

T.4464 

7.2775 

6. 9271 

8.0730 

7.9697 

7.7583 

7.3183 


5 - 

6. 

6 


:8c 

58c 

38c 
:8c 
^ . 

772^ ^ 

■ .:8c „ 

:8c : 
# 

. 8500 ' 

v#; 


3532 .. 

.II8E; 

.5579 


OESIGM tables for mode (I, I > OF FREE PLATE 
RATIO= l.O 


* 

RYX * POISIONS RAFID 

* 

* 0.025 0.05 O.IO 0.20 

* 

» 

3j£ 


0.05 

♦ 

aSe 

7.<^7A| 

7.4539 

7.4133 

7.3313 

0.25 

❖ 

11.335«i- 

II.2&S8 

11.1282 

10.8452 

0.50 

'4^ 

❖ 

-it 

13.5566 

13-4398 

13.2026 

12.7136 

0.75 

^ec 

15.04A0 

14.88!^| 

14.5585 

13.8816 

1.00 

nr 

# 

16.1911 

15.9913 

15.5829 

14.7280 


* 


OlSIGfi TABLES FOR MODECltl) OF FREE PLATE 
RATIO= 2.0 





RYJC ^ POISIONS RATIO 

❖ 



5SC 

0.025 

0.05 

0.10 

0.20 

0.05 

• ' 

7.7096 

7.6839 

7.6473 

7.5632 

0.25 


11.6746 

li..6029 

11.4580 

11.1620 

0.50 

55c 

13.9197 

13.7972 

13.5485 

13.0357 

0.75 

' 

# 

15.4129 

15.2453 

14.9040 

14.1948 

1.00 

❖ ", 

16.5605 

16.3511 

15.9236 

15.0293 




OF ASPECT 


0*30 ^ 

5^: 



7*2483 ^ 

t 

10*5539 

12*2027 * 
❖ 

13*1656 * 
13*8137 ^ 


OF ASPECT 


0*30 ^ 
... 1 — 

?*478l ^ 
10*85T0 ♦ 
12.5000 * 
13*4453 ^ 
14.0745 > 


DESIGN 

RATIO= 

1 

TABLES 

3.0 

FOR HODEd 

il) OF FREE PLATE 

OF aspe: 

T 








35c 

RYX 



POISIONS RATIO 


❖ 








# 



0.025 

0.05 

0.10 

0.20 

0.30 

38c 


5$c 






35c 










35c 






:^c 

y 0.05 

35c 

7.83A5 

7.8131 

7.7703 

7.6838 

7,5962 

35c 


# 






35 c 

1 0.2S 

35c 

11.7972 

11.7237 

11.5752 

11.2720 

10.9598 

35 c 

r 

35c 






* 

# . 0.50 


14^.0335 

13.9034 

13.6547 

13.1318 

12. 5861 

35 c 








35c 

* 0*75 


15.5203 

15.3496 

15.0023 

14.2811 

13.5199 

35 c 

1 

35c 






35 c 

♦. 1^00 

* 

16.6629 

16.4532 

16.0158 

15.1082 

14.1403 

t 


36c 






:5c 


DESIGN TABLES FOR MODECltli OF FREE PLATE OF ASPECT 
RATIO= 4-.0 


SjC ^ 

^ RYX « POISIONS RATIO ♦ 


♦ 

♦ 

* 


36c 

# 

35 c 

0.025 

0.05 

* 


• age— . 

:5c 




0.05 

3$: 

7.8973 

7.3755 

36c 


35 c 



36c 

0.25 

35 c 

11.8491 

11.7747 

t 


36c 



t 

0.50 

35 c 

14.0793 

13.9531 

35 c 


35c 



:6c 

0.75 

36c 

15.5625 

15.3906 

3ec 


35 c 




1.00 

❖ 

16.7027 

16.4835 

* 


35 c 






0.10 

0.20 

0.30 

:5c 




•^: 5 c 




35: 

7.8319 

7.7438 

7.6646 

36 c 

# 

11.6245 

11.3179 

11.0024 

♦ 

13.6972 

13.1699 

12.6200 


15.0407 

14.3145 

13.5485 

> 

♦ 

16.0513 

15.1382 

14.1651 

353 





DESIGM TABLES FOR MODE (It I ) OF FREE PLATE OF ASf*ECT 
RATIO= 5.0 


POISIONS RATIO 


0.025 


0.05 


0.10 


0.20 


0.30 


|i * * 

f 0.05 * 7.93i% 7,9054 7,8653 7.7763 7.6861 » 

I , ^ 3{c 

* 0.25 * 11.8751 11.8033 11.6492 11.3408 11.0235 * 

♦ * « 

» 0.50 14.1018 13.9750 13.7183 13.1885 12.636^ * 

* 0.75 # 15.5830 15.41^0 15.0592 14.3306 13.5622 * 

* * ♦ 

* 1.00 * 16.7218 16.5069 16.0683 15.1526 14.1770 * 

* ♦ * 


DESIGN TABLES FOR MODE (1,1) OF FREE PLATE OF ASPECT 
RATIO* 6.0 


POISIONS RATIO 


* 0.025 

* 


0.05 


O.iO 


0.20 


0.30 


0.05 * 7.9516 7.9235 7.8850 7.7954 7.7047 * 

* * 

0.25 * 11.8898 11.8147 11.8147 11.3537 11.0354 * 

* * 

0.50 =«' 14.1143 13.9872 13.7295 13.1988 12.6455 * 

* ' * 
0.75 * 15.5944 15.4215 15.0695 14.3395 13.5697 * 

l.OO * 16,7324 16.5171 16.0778 15.1603 14.1835 * 

* - * 



design tables for MDDEa.U Of plate of aspest 



RATIO= 

7.0 






¥ 

35c 

RYX ^ 

* 

0.025 

POISIONS ratio 

0.05 0.10 

0.20 

0.30 


$ 

0^05 ^ 

7.964% 

7.9422 

7.8975 

7.8075 

7.7164 

it 

# 

♦ 

:jc 

Q.Z5 ^ 

11.8988 

11.8236 

11.6717 

11.3616 

11.0427 

it 

it 

* 

0.50 ^ 

14.1220 

13.9947 

13.7366 

13.2051 

12.6511 

i: 

it 


0*75 ^ 

15.6014 

15.4232 

15.0758 

14.3449 

13.5744 

it 

it 

t 

$ 

35c 

1*00 ^ 

16.7389 

15.5233 

16.0835 

15.1654 

14.1875 

it 


❖ 






— 


oesig. tables for HODE.l.l. Of 

RATI0= 8.0 



* 

RYX * 


POISIONS RATIO 


it 

it 

it 

:5^ 

it 

0.025 

0.05 

o.io 

0.20 

0.30 * 

it 

=8t 

0.05 * 

7.9729 

7.9506 

7.9056 

7.8156 

7.T2%2 ^ 

it 

0.25 * 

11.9048 

11.B295 

U.6773 

1I..3665 

11.04T5 ^ 
■# 

* 

0.50 =«' 

14-1270 

13.999 6 

13,7413 

13.2093 

12.65%? ^ 
■ft. 

♦ 

0.75 * 

15.6059 

15.4326 

15.0799 

14,3485 

13.57?% * 

❖ 

1.00 * 

16.7431 

16.5274 

16.0873 

15.1685 

' l%.190l ' * 

„it 




DESIGVJ tables for MODE (1,1) OF FREE PLATE OF ASPFCT 
RATIO= 9.0 



* 

RYX 

* 

* 0.025 

:jt 

* 


0.05 


7.9789 

0.25 

ajc 

❖ 

11.9089 

0.50 

❖ 

14.1305 

0.75 

:sje 

55: 

15.6090 

i.OO 

55c 

16.7460 


POISIONS RATIO 
0.05 O.IO 


7. 9566 7.9il6 

11.3335 1,1.6812 

iA-0030 l,3.7AA5 

15.A356 15.0828 

16.5302 16.0899 


* 

* 

0.20 0.30 * 

* 

* 

7.8212 7 . 72 96 * 

<C 

11.3704 1.1,0508 * 

* 

I3.2i2l 12,6572 * 

* 

14.3509 13.5794 * 

15.1707 14.1918 * 


DESIGN tables FOR MODE (1,1) OF FREE PLATE OF ASPEST 
RATIO= 10.0 


* 

RYX * 

=«= 0.025 

* 

— - 

0.05 * 7.9833 

* 

0.25* 11.9119 

* 

0.50 * 14.1330 

* 

0.75 * 15-6113 

’ # 

1.00 * 16.7481 

* 


POISIONS RATIO 
0.05 O.IO 


7.9639 7.9160 

11.3364 11.6840 

14.0055 13.7468 

15.4378 15.0848 

16.5322 16.0917 


♦ 

* 

* 

0.20 0.30 * 

— — 

* 

7.8253 7.7336 * 

* 

11.3730 11.0532 * 

5 !! 

13.2142 12.6590 * 

♦ 

14.3527 13.5809 * 

* 

15.1723 14.1931 * 

♦ 



APPEKDIX II 


lABIE 6 VAIUE OP 


! 

1 

r \ 

f 

I 

Clamped-free 

' 

Pree-free 

1 ,, 

1 .8751041 

0 

2 

4.6940911 

0 

3 

7.8547574 

4.7300408 

4 

10.9955407 

7.8532046 

5 

14.1371684 

10.9956078 

6 

(2r - 1 ) it/2 

■ ■ i 

14.1371655 

7 

for r > 5 ! 

17.2787594 

8 


(2r - 3) '^/2 



for r > 7 

! 


TABLE 7 INTEGRALS OE CHARACTERISTIC PUNCTIONS OP CLAl/IPSD- 
PREE BEAM , 


Value of 


J- 

J 


dx dx" 


dx 


r/s 


r 

f 2 

X i 

! 5 1 

4 i 

5 

, 1 

4.64778 

-7.37987 

5.94151 

-6.59359 

4.59198 



32.41755 

-22.55245 

13.58245 

-22.83952 




: 77.29899 

-35.64827 

20.16205 

" '.'"4 




142.90185 ! 

-48.71964 

5 

S YM 

M E T R I i 
i 

J AL ' 

V \ 

^28.13325 






Value of 1 


ji 

1 








dx 


r/s 

: 1 

2 

3 i 

t 

4 1 

- . 

5 

1 

0.85824 

-11.74322 

27.45315 

-37.39025 

51 .95662 


1 .87385 

-13.29425 . 

-9.04222 

30.40119 

-33.70907 


1.56451 

3.22933 : 

-45.90423 

-8.33537 

36.38656 

4 

1 .08737 

5,54065 

; ,4.25360 

^ -98.91821: 

-7.82895 


0.91404 

3.71642 

^ 11.23264 

4.73605' 

-1 71. 58466 


'TABLE 8 INTEGRALS OE CHARACTERISTIC FUNCTIONS OF FREE- 
FREE BEM 



Values of 1 


J 0r 

0 


dx^ 


dx 






















